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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to the
formation of highly contoured composite structures, and
more particularly, to systems and methods for making
highly contoured composite structures, such as compos-
ite stringers or stiffening elements.

BACKGROUND

[0002] Composite laminates are strong, light-weight,
materials created by combining two or more functional
components which are cured into a single structure. For
example, a composite laminate may include a filler bound
in a resin matrix. Resins used in composite materials may
include thermoplastic or thermoset resins, such as epoxy
resins. The fillers may be reinforcing or non-reinforcing
in nature and may be in a variety of shapes, for example,
powders, particulates, fibers tapes of unidirectional fib-
ers, woven fabrics, and the like.
[0003] Composite stringers or stiffening elements are
used in the aerospace industry to stiffen fuselage, skin,
and/or wing sections of both commercial and military air-
craft. However, wrinkles may often form when creating
a highly contoured composite laminate, such as a com-
posite stringer or stiffening element. Wrinkles are unde-
sirable because they may result in voids or discontinuities
in the cured composite laminate.
[0004] In the past, wrinkling has been reduced by em-
ploying expensive or time consuming methods and ap-
paratus, such as cutting and splicing the plies forming
the composite laminate in a manner that may ultimately
have an undesirable effect on the cured composite.
[0005] Accordingly, there is a need for systems and
methods to make highly contoured composite structures,
such as composite stringers or stiffening elements, which
also eliminate or reduce wrinkling in the final cured com-
posite structure.

BRIEF SUMMARY

[0006] This summary is intended merely to introduce
a simplified summary of some aspects of one or more
implementations of the present disclosure. This summa-
ry is not an extensive overview, nor is it intended to iden-
tify key or critical elements of the present teachings, nor
to delineate the scope of the disclosure. Rather, its pur-
pose is merely to present one or more concepts in sim-
plified form as a prelude to the detailed description below.
[0007] The foregoing and/or other aspects and utilities
embodied in the present disclosure may be achieved by
providing a system for making highly contoured compos-
ite stringers, including a flexible stringer assembly to sup-
port an uncured composite stringer; and a contoured
mandrel to contour the uncured composite stringer into
a highly contoured shape, wherein the contoured man-

drel comprises one or more curvatures with a radius of
2540 mm (100 inches) or less along at least one of an x,
y, or z axis.
[0008] The system may further include a feeding chute
to facilitate loading of the flexible stringer assembly onto
the contoured mandrel.
[0009] The feeding chute may include one or more
guide rails to support the flexible stringer assembly and
to guide the flexible stringer assembly onto the contoured
mandrel.
[0010] The feeding chute may have a melting point
above 140 ° F.
[0011] The system may further include a heating
source to heat the flexible stringer assembly.
[0012] At least one of the contoured mandrel and the
feeding chute may be heated.
[0013] The flexible stringer assembly may be able to
withstand temperatures up to 140 ° F without melting.
[0014] The flexible stringer assembly may include a
flexible caul; a support mandrel; a stabilization mesh; a
flexible caul cover; and a vacuum bag.
[0015] The stabilization mesh may be configured to im-
print a mesh pattern uniformly over outer surfaces of the
uncured composite stringer when a vacuum and heat is
applied to the flexible stringer assembly.
[0016] The flexible caul cover may be configured to re-
shape according to changes in size or shape of the un-
cured composite stringer.
[0017] The flexible caul cover may be configured to
deform in conjunction with the stabilization mesh.
[0018] The flexible caul cover may include a plurality
of slits configured to accommodate changes to the shape
of the uncured composite stringer.
[0019] The vacuum bag may be configured to apply a
compaction force to the flexible stringer assembly to sta-
bilize the uncured composite stringer and to help ensure
that the flexible caul cover deforms in conjunction with
the stabilization mesh as the flexible stringer assembly
slides along the contoured mandrel.
[0020] The foregoing and/or other aspects and utilities
embodied in the present disclosure may also be achieved
by providing a method for making a highly contoured
composite structure, including creating a flat charge;
forming an uncured composite stringer from the flat
charge; placing the uncured composite stringer into a
flexible stringer assembly; applying a vacuum to the flex-
ible stringer assembly; placing the flexible stringer as-
sembly into a feeding chute; heating the flexible stringer
assembly; sliding the heated flexible stringer assembly
along a contoured mandrel; securing the heated flexible
stringer assembly to the contoured mandrel; cooling the
flexible stringer assembly to set the uncured composite
stringer; removing the set uncured composite stringer;
and curing the set uncured composite stringer.
[0021] The placing of the uncured composite stringer
into the flexible stringer assembly may include placing a
stabilization mesh on the uncured composite stringer;
placing a support mandrel on the uncured composite
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stringer; placing a flexible caul cover on the uncured com-
posite stringer; placing the uncured composite stringer
on a flexible caul; and placing a vacuum bag over the
uncured composite stringer.
[0022] The applying of a vacuum to the flexible stringer
assembly may include subjecting the vacuum bag to a
vacuum such that the vacuum bag applies a compaction
force to the flexible stringer assembly to stabilize the un-
cured composite stringer and to help ensure than the
flexible caul cover deforms in conjunction with the stabi-
lization mesh as the flexible stringer assembly slides
along the contoured mandrel.
[0023] The sliding of the heated flexible stringer as-
sembly along the contoured mandrel may include moving
the heated flexible stringer assembly along the contoured
mandrel at a rate between about 1/10 inch per minute
and 6 inches per minute.
[0024] The cooling of the flexible stringer assembly to
set the uncured composite stringer may include allowing
the flexible stringer assembly to cool down to room tem-
perature to set the uncured composite stringer into a con-
toured shape corresponding to the contoured mandrel.
[0025] The foregoing and/or other aspects and utilities
embodied in the present disclosure may also be achieved
by providing a highly contoured composite stringer; in-
cluding one or more curvatures with a radius of 2540 mm
(100 inches) or less, wherein at least one of the one or
more curvatures is in the z-axis.
[0026] The highly contoured composite stringer may
be created according to a method including creating a
flat charge; forming an uncured composite stringer from
the flat charge; placing the uncured composite stringer
into a flexible stringer assembly; applying a vacuum to
the flexible stringer assembly; placing the flexible stringer
assembly into a feeding chute; heating the flexible string-
er assembly; sliding the heated flexible stringer assembly
along a contoured mandrel; securing the heated flexible
stringer assembly to the contoured mandrel; cooling the
flexible stringer assembly to set the uncured composite
stringer; removing the set uncured composite stringer;
and curing the set uncured composite stringer.
[0027] Further areas of applicability will become ap-
parent from the detailed description provided hereinafter.
It should be understood that the detailed description and
specific examples, while indicating the preferred embod-
iment of the invention, are intended for purposes of illus-
tration only and are not intended to limit the scope of the
invention.
[0028] Further, the disclosure comprises embodi-
ments according to the following clauses:

Clause 1. A system for making highly contoured
composite stringers, comprising:

a flexible stringer assembly to support an un-
cured composite stringer; and
a contoured mandrel to contour the uncured
composite stringer into a highly contoured

shape,
wherein the contoured mandrel comprises one
or more curvatures with a radius of 2540 mm
(100 inches) or less along at least one of an x,
y, or z axis.

Clause 2. The system of clause 1, further comprising
a feeding chute to facilitate loading of the flexible
stringer assembly onto the contoured mandrel.
Clause 3. The system of any preceding clause,
wherein the feeding chute comprises one or more
guide rails to support the flexible stringer assembly
and to guide the flexible stringer assembly onto the
contoured mandrel.
Clause 4. The system of any preceding clause,
wherein the feeding chute has a melting point above
140 ° F.
Clause 5. The system of any preceding clause, fur-
ther comprising a heating source to heat the flexible
stringer assembly.
Clause 6. The system of any preceding clause,
wherein at least one of the contoured mandrel and
the feeding chute is heated.
Clause 7. The system of any preceding clause,
wherein the flexible stringer assembly is able to with-
stand temperatures up to 140 ° F without melting.
Clause 8. The system of any preceding clause,
wherein the flexible stringer assembly comprises:

a flexible caul;
a support mandrel;
a stabilization mesh;
a flexible caul cover; and
a vacuum bag.

Clause 9. The system of any preceding clause,
wherein the stabilization mesh is configured to im-
print a mesh pattern uniformly over outer surfaces
of the uncured composite stringer when a vacuum
and heat is applied to the flexible stringer assembly.
Clause 10. The system of any preceding clause,
wherein the flexible caul cover is configured to re-
shape according to changes in size or shape of the
uncured composite stringer.
Clause 11. The system of any preceding clause,
wherein the flexible caul cover is configured to de-
form in conjunction with the stabilization mesh.
Clause 12. The system of any preceding clause,
wherein the flexible caul cover comprises a plurality
of slits configured to accommodate changes to the
shape of the uncured composite stringer.
Clause 13. The system of any preceding clause,
wherein the vacuum bag is configured to apply a
compaction force to the flexible stringer assembly to
stabilize the uncured composite stringer and to help
ensure that the flexible caul cover deforms in con-
junction with the stabilization mesh as the flexible
stringer assembly slides along the contoured man-
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drel.
Clause 14. A method for making a highly contoured
composite structure, comprising:

creating a flat charge;
forming an uncured composite stringer from the
flat charge;
placing the uncured composite stringer into a
flexible stringer assembly;
applying a vacuum to the flexible stringer as-
sembly;
placing the flexible stringer assembly into a feed-
ing chute;
heating the flexible stringer assembly;
sliding the heated flexible stringer assembly
along a contoured mandrel;
securing the heated flexible stringer assembly
to the contoured mandrel;
cooling the flexible stringer assembly to set the
uncured composite stringer;
removing the set uncured composite stringer;
and
curing the set uncured composite stringer.

Clause 15. The method of clause 14, wherein placing
the uncured composite stringer into the flexible
stringer assembly comprises:

placing a stabilization mesh on the uncured
composite stringer;
placing a support mandrel on the uncured com-
posite stringer;
placing a flexible caul cover on the uncured com-
posite stringer;
placing the uncured composite stringer on a flex-
ible caul; and
placing a vacuum bag over the uncured com-
posite stringer.

Clause 16. The method of clause 14 or 15, wherein
applying a vacuum to the flexible stringer assembly
comprises subjecting the vacuum bag to a vacuum
such that the vacuum bag applies a compaction force
to the flexible stringer assembly to stabilize the un-
cured composite stringer and to help ensure than
the flexible caul cover deforms in conjunction with
the stabilization mesh as the flexible stringer assem-
bly slides along the contoured mandrel.
Clause 17. The method of any of clauses 14 to 16,
wherein sliding the heated flexible stringer assembly
along the contoured mandrel comprises moving the
heated flexible stringer assembly along the con-
toured mandrel at a rate between about 1/10 inch
per minute and 6 inches per minute.
Clause 18. The method of any of clauses 14 to 17,
wherein cooling the flexible stringer assembly to set
the uncured composite stringer comprises allowing
the flexible stringer assembly to cool down to room

temperature to set the uncured composite stringer
into a contoured shape corresponding to the con-
toured mandrel.
Clause 19. A highly contoured composite stringer;
comprising:

one or more curvatures with a radius of 2540
mm (100 inches) or less,
wherein at least one of the one or more curva-
tures is in the z-axis.

Clause 20. The highly contoured composite stringer
of clause 19 created according to a method compris-
ing:

creating a flat charge;
forming an uncured composite stringer from the
flat charge;
placing the uncured composite stringer into a
flexible stringer assembly;
applying a vacuum to the flexible stringer as-
sembly;
placing the flexible stringer assembly into a feed-
ing chute;
heating the flexible stringer assembly;
sliding the heated flexible stringer assembly
along a contoured mandrel;
securing the heated flexible stringer assembly
to the contoured mandrel;
cooling the flexible stringer assembly to set the
uncured composite stringer;
removing the set uncured composite stringer;
and
curing the set uncured composite stringer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are incor-
porated in, and constitute a part of this specification, il-
lustrate implementations of the present teachings and,
together with the description, serve to explain the princi-
ples of the disclosure. In the figures:

FIG. 1 illustrates a highly contoured composite
stringer according to an implementation.
FIG. 2 illustrates a system for making a highly con-
toured composite structure according to an imple-
mentation.
FIG. 3 illustrates a flexible stringer assembly accord-
ing to an implementation.
FIG. 4 illustrates a cross-sectional view of the flexible
stringer assembly of FIG. 3.
FIG. 5 illustrates a method for making a highly con-
toured composite structure according to an imple-
mentation of the present disclosure.
FIG. 6 illustrates a flow diagram of aircraft production
and service methodology.
FIG. 7 illustrates a block diagram of an aircraft.
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[0030] It should be noted that some details of the fig-
ures have been simplified and are drawn to facilitate un-
derstanding of the present teachings rather than to main-
tain strict structural accuracy, detail, and scale.

DETAILED DESCRIPTION

[0031] Reference will now be made in detail to exem-
plary implementations of the present teachings, exam-
ples of which are illustrated in the accompanying draw-
ings. Generally, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0032] Throughout the specification and claims, the fol-
lowing terms take the meanings explicitly associated
herein, unless the context clearly dictates otherwise.
Phrases, such as, "in an implementation," "in certain im-
plementations," and "in some implementations" as used
herein do not necessarily refer to the same implementa-
tion(s), though they may. Furthermore, the phrases "in
another implementation" and "in some other implemen-
tations" as used herein do not necessarily refer to a dif-
ferent implementation, although they may. As described
below, various implementations can be readily com-
bined, without departing from the scope or spirit of the
present disclosure.
[0033] As used herein, the term "or" is an inclusive op-
erator, and is equivalent to the term "and/or," unless the
context clearly dictates otherwise. The term "based on"
is not exclusive and allows for being based on additional
factors not described, unless the context clearly dictates
otherwise. In the specification, the recitation of "at least
one of A, B, and C," includes implementations containing
A, B, or C, multiple examples of A, B, or C, or combina-
tions of A/B, A/C, B/C, A/B/B/ B/B/C, A/B/C, etc. In addi-
tion, throughout the specification, the meaning of "a,"
"an," and "the" include plural references. The meaning
of "in" includes "in" and "on."
[0034] It will also be understood that, although the
terms first, second, etc. can be used herein to describe
various elements, these elements should not be limited
by these terms. These terms are only used to distinguish
one element from another. For example, a first object,
component, or step could be termed a second object,
component, or step, and, similarly, a second object, com-
ponent, or step could be termed a first object, component,
or step, without departing from the scope of the invention.
The first object, component, or step, and the second ob-
ject, component, or step, are both, objects, component,
or steps, respectively, but they are not to be considered
the same object, component, or step. It will be further
understood that the terms "includes," "including," "com-
prises" and/or "comprising," when used in this specifica-
tion, specify the presence of stated features, steps, op-
erations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other fea-
tures, steps, operations, elements, components, and/or
groups thereof. Further, as used herein, the term "if" can
be construed to mean "when" or "upon" or "in response

to determining" or "in response to detecting," depending
on the context.
[0035] All physical properties that are defined herein-
after are measured at 20° to 25° Celsius unless otherwise
specified.
[0036] When referring to any numerical range of values
herein, such ranges are understood to include each and
every number and/or fraction between the stated range
minimum and maximum, as well as the endpoints. For
example, a range of 0.5% to 6% would expressly include
all intermediate values of, for example, 0.6%, 0.7%, and
0.9%, all the way up to and including 5.95%, 5.97%, and
5.99%, among many others. The same applies to each
other numerical property and/or elemental range set forth
herein, unless the context clearly dictates otherwise.
[0037] Additionally, all numerical values are "about" or
"approximately" the indicated value, and take into ac-
count experimental error and variations that would be
expected by a person having ordinary skill in the art. It
should be appreciated that all numerical values and rang-
es disclosed herein are approximate values and ranges,
whether "about" is used in conjunction therewith.
[0038] Unless otherwise specified, all percentages and
amounts expressed herein and elsewhere in the speci-
fication should be understood to refer to percentages by
weight. The percentages and amounts given are based
on the active weight of the material. For example, for an
active ingredient provided as a solution, the amounts giv-
en are based on the amount of the active ingredient with-
out the amount of solvent or may be determined by weight
loss after evaporation of the solvent.
[0039] With regard to procedures, methods, tech-
niques, and workflows that are in accordance with some
implementations, some operations in the procedures,
methods, techniques, and workflows disclosed herein
can be combined and/or the order of some operations
can be changed.
[0040] The inventors have created new systems and
methods to make highly contoured composite structures,
such as composite stringers or stiffening elements, while
reducing or eliminating wrinkling in the final cured com-
posite structures.
[0041] As used herein, the term highly contoured refers
to the curvature of surfaces in the composite structure
with respect to any one of the x, y, or z planes. A highly
contoured composite structure has one or more curva-
tures with a radius of 3048 mm (120 inches) or less. The
highly contoured composite structure may have at least
one curvature in the z-axis with a radius of 3048 mm (120
inches) or less. The highly contoured composite structure
may have at least one curvature with a radius of 2540
mm (100 inches) or less.
[0042] For example, FIG. 1 illustrates a highly con-
toured composite stringer according to an implementa-
tion of the present disclosure. As illustrated in FIG. 1, a
composite stringer 600 may have one or more convex or
concave curvatures 601-602 in order to conform to a par-
ticular design. The composite stringer 600 may have only
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one curvature, whether convex or concave, or may have
a plurality of convex or concave curvatures. The one or
more convex or concave curvatures 601-602 may run
along one or more of the x, y, or z axis. That is, the com-
posite stringer 600 may simultaneously curve along one
or more of the x, y, or z axis. For example, the composite
stringer 600 may have a curvature along the z-axis. The
composite stringer 600 may also rotate about one or more
of the x, y, or z axis. For example, the composite stringer
600 may rotate about the y-axis while simultaneously
having a curvature along the z-axis.
[0043] One or more of the convex or concave curva-
tures 601-602 may be highly contoured. For example,
one or more of the curvatures 601-602 may have a radius
of 3048 mm (120 inches) or less, 2794 mm (110 inches)
or less, 2540 mm (100 inches) or less, or 2286 mm (90
inches) or less. The composite stringer 600 may have
one or more concave curvatures 602 with a radius of
3048 mm (120 inches) or less, 2794 mm (110 inches) or
less, 2540 mm (100 inches) or less, or 2286 mm (90
inches) or less. Similarly, the composite stringer 600 may
have one or more convex curvatures 601 with a radius
of 3048 mm (120 inches) or less, 2794 mm (110 inches)
or less, 2540 mm (100 inches) or less, or 2286 mm (90
inches) or less.
[0044] As illustrated in FIG. 1, the composite stringer
600 may be an open hat-shaped composite stringer 600.
That is, the composite stringer 600 may have an open
hat-shaped profile 605 in cross-section. However, the
composite stringer 600 may also have a variety or com-
bination of other cross-sectional profile shapes (e.g. hat,
Z, C, L, etc.).
[0045] While FIG. 1 illustrates a composite stringer 600
as an example of a composite structure, the present dis-
closure is not limited thereto, and other types of highly
contoured composite structures may be created using
the systems and methods of the present disclosure. For
example, the highly contoured composite structures may
include stringers, stiffeners, shear-ties, frames, ribs,
spars, fittings, brackets, fuselage stiffening elements,
wing elements such as wing blades and wing edges, em-
pennage, engine nacelles, flight control surfaces, auto-
mobile assemblies, medical devices, sporting goods, etc.
[0046] FIG. 2 illustrates a system for making a highly
contoured composite structure according to an imple-
mentation. In particular, FIG. 2 illustrates an implemen-
tation of a system 10 for making highly contoured com-
posite stringers. As illustrated in FIG. 2, the system 10
includes a flexible stringer assembly 200 and a contoured
mandrel 300. The flexible stringer assembly 200 may
support an uncured composite stringer 500 and the con-
toured mandrel 300 may re-form the uncured composite
stringer 500 into a highly contoured shape.
[0047] The system 10 may also include a feeding chute
100 to facilitate loading of the flexible stringer assembly
200 onto the contoured mandrel 300. The system 10 may
also include a heat source 400 to heat the flexible stringer
assembly 200 and/or an uncured composite stringer 500

supported by the flexible stringer assembly 200.
[0048] The contoured mandrel 300 may be highly con-
toured according to a desired design for a composite
stringer 600 (see FIG. 1). For example, the contoured
mandrel 300 may include one or more convex or concave
curvatures 301-302. The one or more convex or concave
curvatures 301-302 may run along one or more of the x,
y, or z axis. That is, the contoured mandrel 300 may si-
multaneously curve along one or more of the x, y, or z
axis. One or more of the convex or concave curvatures
301-302 may be highly contoured. For example, the cur-
vatures 301-302 may have a radius of 3048 mm (120
inches) or less, 2794 mm (110 inches) or less, 2540 mm
(100 inches) or less, or 2286 mm (90 inches) or less. The
contoured mandrel 300 may include one or more curva-
tures with a radius of 3048 mm (120 inches) or less along
at least one of the x, y, or z axis.
[0049] The contoured mandrel 300 may be formed of
a heat resistant material, such as Invar or a high temper-
ature composite. The contoured mandrel 300 may also
be made of wood, aluminum or high density tooling foam.
In some implementations, the contoured mandrel 300 is
capable of being heated, either internally or via exterior
heating sources.
[0050] The one or more convex or concave curvatures
301-302 may be configured to form the one or more cur-
vatures 601-602 on the composite stringer 600. For ex-
ample, convex curvature 301 on the mandrel 300 may
be configured to form convex curvature 601 on the com-
posite stringer 600. Similarly, concave curvature 302 on
the mandrel 300 may be configured to form concave cur-
vature 602 on the composite stringer 600. A top surface
303 of the mandrel 300 may rotate about the z-axis along
the length of the mandrel 300 to form a corresponding
rotation about the z-axis along the length of the composite
stringer 600. That is, the shape of the mandrel 300 may
be configured to form the final desired shape of the com-
posite stringer 600.
[0051] As described in more detail below, the flexible
stringer assembly 200 supports an uncured composite
stringer 500. The flexible stringer assembly 200 is con-
figured to slide onto the contoured mandrel 300. The un-
cured composite stringer 500 may be initially formed
straight, without any significant curvatures, then re-
formed into a highly contoured shape by sliding the un-
cured composite stringer 500 onto the contoured mandrel
300.
[0052] The flexible stringer assembly 200 may be heat
resistant. For example, the flexible stringer assembly 200
may be able to withstand temperatures up to about 200
° F without melting, such as, up to 180 ° F or up to 160
° F. In one implementation, the flexible stringer assembly
200 may be able to withstand temperatures up to 140 °
F without melting. The flexible stringer assembly 200 may
be configured to be heated, either internally or via exterior
heating sources.
[0053] Once fully slid onto the contoured mandrel 300,
the flexible stringer assembly 200 may be held in place
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for a predetermined period. For example, the flexible
stringer assembly 200 may be held in place to allow cool-
ing of the uncured composite stringer 500 to room tem-
perature and/or to allow the uncured composite stringer
500 to settle to a semisolid pre-cured state. In one im-
plementation, the contoured mandrel 300 may include
one or more clamps 305 to hold the flexible stringer as-
sembly 200 in place after it has been fully slid onto the
contoured mandrel 300. In other implementations, the
contoured mandrel 300 may include one or more guide
rails 306 to guide the flexible stringer assembly 200 onto
the contoured mandrel 300 and/or to hold the flexible
stringer assembly 200 in place after it has been fully slid
onto the contoured mandrel 300.
[0054] The system 10 may include a feeding chute 100
to facilitate loading of the flexible stringer assembly 200
onto the contoured mandrel 300. The feeding chute 100
may be configured as a flat surface to support the flexible
stringer assembly 200 before it is loaded onto the con-
toured mandrel 300. In some implementations, the feed-
ing chute 100 may be configured to allow assembly of
the flexible stringer assembly 200. For example, the feed-
ing chute 100 may be a flat surface configured to support
an uncured composite stringer 500, formed initially
straight, as it is loaded into the flexible stringer assembly
200. As illustrated in FIG. 2, the feeding chute 100 may
overlap a first portion of the contoured mandrel 300 to
facility loading of the flexible stringer assembly 200 ther-
eon.
[0055] The feeding chute 100 may be heat resistant.
For example, the feeding chute 100 may be able to with-
stand temperatures up to 140 ° F, up to 180 ° F, and/or
up to 200 ° F without melting. In other implementations,
the feeding chute 100 may have a melting point above
140 ° F, above 180 ° F, and/or above 200 ° F. The feeding
chute 100 may also be configured to be heated, either
internally or via exterior heating sources. While 140 ° F
is described in some of the implementations, the present
disclosure is not limited thereto, and the maximum tem-
perature resistance for the feeding chute 100 (and the
contoured mandrel 300 and/or the flexible stringer as-
sembly 200) may depend on the material of the uncured
composite stringer 500. For example, the uncured com-
posite stringer 500 may need to be heated to a temper-
ature where the uncured composite stringer 500 can sof-
ten enough that it can form along the contoured mandrel
300 without wrinkling, but not to a temperature high
enough to cause melting or permanent deformation to
the uncured composite stringer 500 (or resulting com-
posite stringer 600. However, depending on the material,
the uncured composite stringer 500 may only need to be
heated to an elevated temperature slightly above room
temperature.
[0056] As illustrated in FIGS. 2 and 4, the feeding chute
100 may include guide rails 110 to support the flexible
stringer assembly 200 and/or to guide the flexible stringer
assembly 200 onto the contoured mandrel 300. For ex-
ample, as illustrated in FIG. 4, and as described in more

detail below, the guide rails 110 may define channels 111
to receive a portion of the flexible stringer assembly 200.
In particular, the channels 111 may be configured to re-
ceive exterior edges 211 of a flexible caul 210 of the
flexible stringer assembly 200. The channels 111 may
then guide the flexible caul 210 (and therefor the flexible
stringer assembly 200) along the feeding chute 100 and
onto the contoured mandrel 300.
[0057] As described above, the system 10 may include
a heating source 400 (not illustrated). The heating source
400 may heat the flexible stringer assembly 200 and/or
the uncured composite stringer 500 supported by the
flexible stringer assembly 200. The heating source 400
may also heat at least one of the feeding chute 100 and/or
the contoured mandrel 300 to heat the flexible stringer
assembly 200 and/or the uncured composite stringer 500
supported by the flexible stringer assembly 200. The
heating source 400 may be implemented as one or more
heating blankets 700 placed over the flexible stringer as-
sembly 200 while on the feeding chute 100 and/or the
contoured mandrel 300. The heating source 400 may
also be implemented as a heated feeding chute 100
and/or a heated contoured mandrel 300, by, for example,
inductive or resistive heating. However, the present dis-
closure is not limited thereto, and the heating source 400
may be implemented as other sources of heat, such as
heat lamps, heating susceptors, etc. The heating source
400 may maintain a temperature of the uncured compos-
ite stringer 500 while it is re-formed on the contoured
mandrel.
[0058] FIG. 3 illustrates a flexible stringer assembly
according to an implementation. FIG. 4 illustrates a
cross-sectional view of the flexible stringer assembly of
FIG. 3.
[0059] As illustrated in FIGS. 3-4, the flexible stringer
assembly 200 supports an uncured composite stringer
500 and includes a flexible caul 210, a support mandrel
220, a stabilization mesh 240, a flexible caul cover 250,
and a vacuum bag 260. The components of the flexible
stringer assembly 200 may be heat resistant. For exam-
ple, one or more of the flexible caul 210, support mandrel
220, stabilization mesh 240, flexible caul cover 250, and
vacuum bag 260 may be configured to take temperatures
up to 140 °F, up to 180 ° F, and/or up to 200 ° F without
melting.
[0060] The uncured composite stringer 500 may be a
composite laminate of a filler bound in a resin matrix. For
example, the uncured composite stringer 500 may be
made from unidirectional composite tape material im-
pregnated with an epoxy resin ("pre-preg"). As used here-
in, the term "pre-preg" refers to pre-impregnated com-
posite fiber plies, such as epoxy impregnated unidirec-
tional composite tape. A pre-preg is flexible until it is
cured, often by heat curing or curing within an autoclave.
[0061] In other implementations, the uncured compos-
ite stringer 500 may be made from woven fabric materials
finished with a resin, such as fiberglass, carbon, or KEV-
LAR fabrics infused with an epoxy resin.
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[0062] The uncured composite stringer 500 may be
formed from a composite laminate by a variety of meth-
ods for forming composite stringers. For example, a mul-
ti-ply stack of pre-preg plies (a "charge") may be formed
on a flat surface to the desired laminate specifications,
and this flat charge can then be formed into a shaped
stringer by punch or vacuum forming. Prior to punch form-
ing, compaction and debulking methods may be used.
In punch forming, the charge of pre-preg plies is stacked
vertically and pressed, while heated, between a punch
and a die configured to shape the charge to a particular
cross-sectional profile (e.g. hat, Z, C, L, etc.). In vacuum
forming, a charge of pre-preg plies is heated and placed
over a mandrel configured to have a particular cross-
sectional profile (e.g. hat, Z, C, L, etc.). A vacuum bag is
then applied to force the charge to form around the man-
drel and into the desired shape. Regardless of the meth-
od used to create the uncured composite stringer 500
that is to be contoured, the cross-section of the stringer
must be formed in such a manner that it creates the de-
sired cross-sectional profile without damaging the pre-
preg by causing delamination, voids, wrinkles, and other
types of defects that are detrimental to the resulting com-
posite stringer 600.
[0063] The charge may be created manually, by hand
lay-up, or via automated fiber placement (AFP) or auto-
mated tape layup (ATL) equipment, resin infusion, and
the like.
[0064] The charge may incorporate particular ply lay-
ups to minimize an amount of wrinkling or to facilitate
forming the uncured composite stringer 500 from a
charge. For example, the pre-preg plies forming the
charge may be laid up using traditional 0 °, +45 °, - 45 °,
and 90 ° orientations. In some implementations, a non-
traditional lay-ups (NTL) may be used. For example, the
0 ° plies may be replaced with slightly skewed (about +/-
10 °) plies to ease formation of the stringer from the
charge and/or to avoid having too many plies of the same
orientation stacked on top of one another. That is, using
NTLs may decrease the overall strength of the laminate
(because of the lack of 0 ° plies) but may provide some
increased resistance to damage tolerance and inducing
wrinkles. In some implementations, the charge compris-
es between 2 and 40 plies. In other implementations, the
charge comprises 40 or less plies or 30 or less plies.
[0065] After forming, the uncured composite stringer
is in an uncured state. That is, the uncured composite
stringer 500 is ductile enough to be formed to various
shapes/contours without any critical failure/delamination
in the formed uncured composite stringer 500.
[0066] As illustrated in FIGS. 3-4, the flexible stringer
assembly 200 includes a flexible caul 210. The flexible
caul 210 is the base of the flexible stringer assembly 200
and supports an uncured composite stringer 500 placed
thereon.
[0067] The flexible caul 210 is flexible and is configured
to conform to the curvatures of the contoured mandrel
300. Similarly, the flexible caul 210 may be configured

to easily slide along the contoured mandrel 300. For ex-
ample, the material making at least one of the flexible
caul 210 and/or the contoured mandrel 300 may be se-
lected to minimize friction and facilitate movement of the
flexible caul 210 along the contoured mandrel 300. In
some implementations, a friction reducing or non-stick
layer, such as a FEP (Teflon) layer may be added under
the flexible caul 210 to facilitate sliding of the flexible caul
210 on the contoured mandrel 300.
[0068] The flexible caul 210 may be implemented as
a flat plate formed of a composite material. For example,
the flexible caul 210 may be formed of 2-4 plies of carbon
tape impregnated with epoxy resin. In other implemen-
tations, the flexible caul may be formed of other flexible
materials, such as sheet metal or plastics capable of con-
forming to the contoured mandrel 300 and able to with-
stand any temperature to which the flexible stringer as-
sembly 200 and/or the uncured composite stringer 500
may be heated to.
[0069] As illustrated in FIGS. 2 and 4, the flexible caul
210 may include exterior edges 211. Exterior edges 211
may be configured to fit within and slide along channels
111 of the feeding chute and/or guide rails 306 of the
contoured mandrel 300 to facilitate a movement of the
flexible stringer assembly 200 along the feeding chute
100 and/or the contoured mandrel 300.
[0070] The flexible stringer assembly 200 also includes
a support mandrel 220. As illustrated in FIG. 4, the sup-
port mandrel 220 is configured to support the uncured
composite stringer 500 when placed on the flexible caul
210. In particular, the support mandrel 220 is placed with-
in a cavity defined by the uncured composite stringer 500
to support the profile shape of the uncured composite
stringer 500.
[0071] The support mandrel 220 may include a heat
resistant flexible material, such as a silicon rubber or
bladder, and may be shaped to support the particular
profile shape of the uncured composite stringer 500 (e.g.
hat, Z, C, L, etc.). In some implementations, the support
mandrel 220 is configured to maintain a cross-section of
the uncured composite stringer 500. The support man-
drel 220 may also be configured to support the contour
of the contoured mandrel 300 together with uncured com-
posite stringer 500, and support the forming of the con-
tour on the uncured composite stringer 500. The support
mandrel 220 may also be able to withstand any temper-
ature to which the flexible stringer assembly 200 and/or
the uncured composite stringer 500 may be heated to.
[0072] Depending on the profile shape of the uncured
composite stringer 500, in some implementations, the
support mandrel 220 may include one or more radius
fillers 225 to support an inner or outer portion of the un-
cured composite stringer 500. For example, as illustrated
in FIG. 4, a radius filler 225 may be configured to support
a flange radius 525 of the uncured composite stringer
500. That is, the radius filler 225 may be placed in a void
created at the base of the open hat-shaped uncured com-
posite stringer 500 underneath the curved portion that
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connects the hat to the flange. The radius filler 225 may
be composed of a laminated composite (such as woven
fabric reinforced plies) that is cut to shape to fill a radius
gap and provide additional support and strength and re-
duce distortion of the uncured composite stringer 500
during forming. In some implementations, the support
mandrel 220 may include a heating source 226 to provide
heat to the uncured composite stringer 500.
[0073] The flexible stringer assembly 200 also includes
a stabilization mesh 240. As illustrated in FIG. 4, the sta-
bilization mesh 240 is placed over the uncured composite
stringer 500.
[0074] The stabilization mesh 240 may be formed of a
heat resistant material. For example, the stabilization
mesh 240 may be stable up to 140 °F without melting.
The stabilization mesh 240 may be flexible. For example,
the stabilization mesh 240 be formed of a wire-type mesh
and may be able to bunch or stretch in all directions as
needed. The stabilization mesh 240 may be made of a
heat resistant nylon or polyethylene. For example, poly-
ethylene terephthalate (PET) mesh.
[0075] As described in more detail below, when a vac-
uum and/or heat are applied to the flexible stringer as-
sembly 200, the stabilization mesh 240 may imprint a
mesh pattern uniformly over the outer surfaces of the
uncured composite stringer 500. While not bound in by
any particular theory, the inventors believe that this uni-
form texturing helps prevent local geometry distortions
that result in a wrinkles.
[0076] The flexible stringer assembly 200 also includes
a flexible caul cover 250. As illustrated in FIG. 4, the
flexible caul cover 250 is placed over the uncured com-
posite stringer 500. That is, the flexible caul cover 250 is
placed over the uncured composite stringer 500 already
covered by the stabilization mesh 240.
[0077] The flexible caul cover 250 may be configured
to be flexible and support a shape of the uncured com-
posite stringer 500 as it slides along the contoured man-
drel 300. For example, the flexible caul cover 250 may
include a plurality of slits to accommodate contour chang-
es. The slits may be limited in width (less than .015") to
avoid pillowing when a vacuum and/or heat are applied
to the flexible stringer assembly 200 and/or while the flex-
ible stringer assembly 200 slides along the contoured
mandrel 300. For example, the slits may minimize the
creation of defects on the uncured composite stringer
500 while being formed on the contoured mandrel 300
or may drive any defects and/or wrinkles to a localized
and controlled region defined by the slits.
[0078] The uncured composite stringer 500 may
change in size or shape as it is re-formed on the con-
toured mandrel 300 under vacuum or heat. Accordingly,
the flexible caul cover 250 may be similarly configured
to re-shape according to the changes in size or shape of
the uncured composite stringer 500.
[0079] The flexible caul cover 250 may be configured
to deform in conjunction with the stabilization mesh 240.
For example, the stabilization mesh 240 may stretch into

the flexible caul cover 250 in a manner that coincides
with the geometry displacement experienced by the un-
cured composite stringer 500 as it is slid along the con-
toured mandrel 300. The slits width and orientation may
be selected to ensure than the flexible caul cover 250
deforms in conjunction with the stabilization mesh 240.
[0080] The flexible stringer assembly 200 also includes
a vacuum bag 260. As illustrated in FIG. 4, the vacuum
bag 260 is configured to surround the uncured composite
stringer 500 and attaches to an upper surface of the flex-
ible caul 210.
[0081] When a vacuum is applied, the vacuum bag 260
maintains the flexible stringer assembly 200. That is, the
vacuum bag 260 applies a compaction force to the flex-
ible stringer assembly 200 to stabilize the uncured com-
posite stringer 500 and to help ensure than the flexible
caul cover 250 deforms in conjunction with the stabiliza-
tion mesh 240 as the flexible stringer assembly 200 slides
along the contoured mandrel 300. The compaction force
may also ensure that the flexible stringer assembly 200
stays tight to the contour of the contoured mandrel 300
while maintaining a shape of the uncured composite
stringer 500. In some implementations, the vacuum bag
260 includes a vacuum port 261 to connect to a vacuum
source.
[0082] FIG. 5 illustrates a method for making a highly
contoured composite structure according to an imple-
mentation of the present disclosure. For example, the
highly contoured composite stringer of FIG. 1. As illus-
trated in FIG. 5, a method 800 to make a highly contoured
composite structure may be described with respect to
the system 10 of FIGS. 2-4.
[0083] The method 800 may begin with creating a flat
charge in operation 810. For example, a flat charge may
be created by stacking a multi-ply stack of pre-preg plies.
The pre-preg plies may be assembled in a traditional lay
up or in an NTL. The charge may be created manually
or via automated lay-up (ATL or AFP) methods.
[0084] Operation 820 includes forming an uncured
composite stringer from the flat charge. That is, the flat
charge may be formed into an uncured composite string-
er 500 in operation 820. For example, the flat charge may
be heated and formed into an open hat-shaped uncured
composite stringer 500 by punch or vacuum forming. The
flat charge may be heated to a forming temperature, for
example, to up to 140 °F, in order to facilitate forming of
the uncured composite stringer 500.
[0085] Operations 830-870 include placing the un-
cured composite stringer into a flexible stringer assem-
bly. That is, after forming the uncured composite stringer
500, the uncured composite stringer 500 is placed into
the flexible stringer assembly 200 in operations 830-870.
[0086] Operation 830 includes placing a stabilization
mesh on the uncured composite stringer. That is, in op-
eration 830, a stabilization mesh 240 may be placed on
the uncured composite stringer 500. The stabilization
mesh 240 may completely surround the exterior surfaces
of the uncured composite stringer 500.
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[0087] Operation 840 includes placing a support man-
drel on the uncured composite stringer. That is, in oper-
ation 840, a support mandrel 220 may be placed within
the uncured composite stringer 500. For example, the
support mandrel 220 may be placed within the cavity de-
fining the open hat-shaped uncured composite stringer
500. In another example, the support mandrel 220 is
placed upon a flexible caul 210, and the uncured com-
posite stringer 500 may be placed over the support man-
drel 220. In some implementations, a separator or inter-
mediate material, such as FEP, is placed between the
support mandrel 220 and the uncured composite stringer
500 to separate both part and/or prevent them from bond-
ing.
[0088] Operation 850 includes placing a flexible caul
cover on the uncured composite stringer. That is, in op-
eration 850, a flexible caul cover 250 may be placed over
the uncured composite stringer 500. The uncured com-
posite stringer 500 may already be covered by the sta-
bilization mesh 240, and the flexible caul cover 250 may
be placed over the stabilization mesh 240. The flexible
caul cover 250 may have a plurality of slits to accommo-
date changes to the contour of the uncured composite
stringer 500.
[0089] Operation 860 includes placing the uncured
composite stringer on a flexible caul. That is, in operation
860, the uncured composite stringer 500 may be placed
upon a flexible caul 210. The uncured composite stringer
500 may already be surrounded by the stabilization mesh
240 and the flexible caul cover 250 when placed on the
flexible caul 210.
[0090] Operation 870 includes placing a vacuum bag
over the uncured composite stringer. That is, in operation
870, a vacuum bag 260 may be placed over the uncured
composite stringer 500 and secured to an upper surface
of the flexible caul 210. In some implementations, a
breather material may be placed over the stabilization
mesh 240 and the flexible caul cover 250 to facilitate
pulling of a vacuum.
[0091] Operation 880 includes applying a vacuum to
the flexible stringer assembly. That is, in operation 880,
a vacuum may be applied to the vacuum bag 260 of the
flexible stringer assembly 200. The vacuum bag 260 may
apply a compaction force to the components of the flex-
ible stringer assembly 200 to stabilize the uncured com-
posite stringer 500 and to help ensure than the flexible
caul cover 250 deforms in conjunction with the stabiliza-
tion mesh 240 as the flexible stringer assembly 200 slides
along the contoured mandrel 300.
[0092] Operation 890 includes placing the flexible
stringer assembly into a feeding chute. That is, the flex-
ible stringer assembly 200 may be loaded into a feeding
chute 100 in operation 890. For example, exterior edges
211 of the flexible caul 210 may be placed within channels
111 of the feeding chute 100 to load the flexible stringer
assembly 200 into the feeding chute 100.
[0093] Operation 900 includes heating the flexible
stringer assembly. For example, the flexible stringer as-

sembly 200 may be heated to 140 °F while maintaining
a full vacuum. At least one of the feeding chute 100 and
the contoured mandrel 300 may also be heated or pre-
heated to maintain the flexible stringer assembly 200 to
140 °F. The flexible stringer assembly 200 may be heated
directly via heating blankets 700 placed over the flexible
stringer assembly 200 (see FIG. 4) and/or indirectly by
heating at least one of the feeding chute 100 and the
contoured mandrel 300.
[0094] Operation 910 includes sliding the heated flex-
ible stringer assembly along a contoured mandrel. The
heated flexible stringer assembly 200 may be slid along
the contoured mandrel 300 in operation 910. For exam-
ple, a puller strap (not illustrated) may be attached to the
flexible stringer assembly 200, and a linear motor (not
illustrated) may be used to pull the flexible stringer as-
sembly 200 from the feeding chute 100 along the con-
toured mandrel 300.
[0095] The heated flexible stringer assembly 200 is
moved slowly along the contoured mandrel 300. For ex-
ample, the heated flexible stringer assembly 200 may be
moved at a rate between about 1/10 inch per minute and
6 inches per minute. The heated flexible stringer assem-
bly 200 may be moved at a rate up to 20 inches per
minute, up to 10 inches per minute, or up to 6 inches per
minute. However, the present disclosure is not limited
thereto, and different moving rates may be applied ac-
cording to the material of the uncured composite stringer
500. While not bound to any particular theory, the inven-
tors believe that the speed depends on the resin in the
composite pre-preg and the level of contour. Generally,
the slower you form the composite stringer to the con-
toured mandrel, the greater the reduction in the number
and magnitude of the wrinkles. A slower forming speed
should also be used for smaller (tighter) radii curvatures
and/or stiffer composite materials or laminates.
[0096] The contoured mandrel 300 may include guide
rails 306 to receive the exterior edges 211 and guide the
flexible stringer assembly 200 along the contoured man-
drel 300 and/or to hold the flexible stringer assembly 200
in place after it has been fully slid onto the contoured
mandrel 300.
[0097] Operation 920 includes securing the heated
flexible stringer assembly to the contoured mandrel. That
is, in operation 920, the heated flexible stringer assembly
200 may be secured to the contoured mandrel 300. After
the heated flexible stringer assembly 200 has been fully
slid into place along the contoured mandrel 300, the cur-
vatures 301-302 of the contoured mandrel may corre-
spond to the location of the curvatures 601-602 in the
desired composite stringer 600. The heated flexible
stringer assembly 200 may be then secured to the con-
toured mandrel 300. The heated flexible stringer assem-
bly 200 may be secured using the guide rails 306 or via
a plurality of clamps 305 securing the exterior edges 211
of the flexible caul 210 to the contoured mandrel 300.
[0098] Operation 930 includes cooling the flexible
stringer assembly to set the uncured composite stringer.
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That is, in operation 930, the heated flexible stringer as-
sembly 200 may be allowed to cool-down to set the un-
cured composite stringer 500. For example, the flexible
stringer assembly 200 is allowed to cool down to room
temperature and the uncured composite stringer 500 is
allowed to set into the contoured shape corresponding
to the contoured mandrel 300. The flexible stringer as-
sembly 200 may cool down for about 20 mins to © hour
to reach near room temperature.
[0099] Operation 940 includes removing the set un-
cured composite stringer. In operation 940, the uncured
composite stringer 500 may be removed from the flexible
stringer assembly 200. For example, once the uncured
composite stringer 500 has reached room temperature,
the uncured composite stringer 500 has set into the con-
toured shape corresponding to the contoured mandrel
300. Vacuum is no longer applied to the vacuum bag 260
and the set uncured composite stringer 500 is then re-
moved from the flexible stringer assembly 200. The set
uncured composite stringer 500 may display a uniform
texture of corrugations corresponding to the stabilization
mesh 240. As described above, this uniform texture is
accomplished by stretching the stabilization mesh 240
together with the flexible caul cover 250, and reduces
the formation of wrinkles on the uncured composite
stringer 500 and the resulting cured composite stringer
600.
[0100] Operation 950 includes curing the set uncured
composite stringer. The set uncured composite stringer
500 may be cured using an autoclave and a vacuum bag
under processing conditions corresponding to the mate-
rial of the uncured composite stringer 500. After curing,
the uncured composite stringer 500 is cured into the com-
posite stringer 600 of FIG. 1.
[0101] Generally, any surface defect or wrinkle over
0.010 inches may indicate a degradation in structural
strength for a composite structure. However, a composite
stringer 600 according to embodiments of the present
disclosure may have significantly reduced wrinkling. For
example, when compared to other methods of fabricating
a highly contoured composite stringer, composite string-
er 600 may display a significant reduction in the quantity
and size of any wrinkles present.
[0102] Implementations of the disclosure may find use
in a variety of potential applications, particularly in the
transportation industry, including for example, aero-
space, marine, automotive applications, and other appli-
cation where formation of highly contoured composite
structures is desired. Thus, referring now to FIGS. 6 and
7, implementations of the disclosure may be used in the
context of an aircraft manufacturing and service method
1000 as shown in FIG. 6 and an aircraft 2000 as shown
in FIG. 7. During pre-production, exemplary method 1000
may include specification and design 1102 of the aircraft
2000 and material procurement 1104. During production,
component and subassembly manufacturing 1106 and
system integration 1108 of the aircraft 2000 takes place.
Thereafter, the aircraft 2000 may go through certification

and delivery 1110 in order to be placed in service 1112.
While in service by a customer, the aircraft 2000 is sched-
uled for routine maintenance and service 1114, which
may also include modification, reconfiguration, refurbish-
ment, and so on.
[0103] Each of the processes of method 1000 may be
performed or carried out by a system integrator, a third
party, and/or an operator (e.g., a customer). For the pur-
poses of this description, a system integrator may include
without limitation any number of aircraft manufacturers
and major-system subcontractors; a third party may in-
clude without limitation any number of vendors, subcon-
tractors, and suppliers; and an operator may be an airline,
leasing company, military entity, service organization,
and so on.
[0104] As shown in FIG. 7, the aircraft 2000 produced
by exemplary method 1000 may include an airframe 2116
with a plurality of systems 2118 and an interior 2120.
Examples of high-level systems 2118 include one or
more of a propulsion system 2122, an electrical system
2124, a hydraulic system 2126, and an environmental
system 2128. Any number of other systems may be in-
cluded. Although an aerospace example is shown, the
principles of the disclosure may be applied to other in-
dustries, such as the marine and automotive industries.
[0105] Systems and methods embodied herein may
be employed during any one or more of the stages of the
production and service method 1000. For example, com-
ponents or subassemblies corresponding to production
process 1106 may be fabricated or manufactured in a
manner similar to components or subassemblies pro-
duced while the aircraft 2000 is in service. Also, one or
more apparatus embodiments, method embodiments, or
a combination thereof may be utilized during the produc-
tion stages 1106 and the 1108, for example, by substan-
tially expediting assembly of or reducing the cost of an
aircraft 2000. Similarly, one or more of apparatus em-
bodiments, method embodiments, or a combination
thereof may be utilized while the aircraft 2000 is in serv-
ice, for example and without limitation, to maintenance
and service 1114.
[0106] The present disclosure has been described with
reference to exemplary implementations. Although a few
implementations have been shown and described, it will
be appreciated by those skilled in the art that changes
can be made in these implementations without departing
from the principles and spirit of preceding detailed de-
scription. It is intended that the present disclosure be
construed as including all such modifications and alter-
ations insofar as they come within the scope of the ap-
pended claims or the equivalents thereof.

Claims

1. A system for making highly contoured composite
stringers, comprising:
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a flexible stringer assembly to support an un-
cured composite stringer; and
a contoured mandrel to contour the uncured
composite stringer into a highly contoured
shape,
wherein the contoured mandrel comprises one
or more curvatures with a radius of 2540 mm
(100 inches) or less along at least one of an x,
y, or z axis.

2. The system of claim 1, further comprising a feeding
chute to facilitate loading of the flexible stringer as-
sembly onto the contoured mandrel, in particular
wherein at least one of the contoured mandrel and
the feeding chute is heated.

3. The system of claim 2, wherein the feeding chute
comprises one or more guide rails to support the
flexible stringer assembly and to guide the flexible
stringer assembly onto the contoured mandrel.

4. The system of any of claims 1 to 3, further comprising
a heating source to heat the flexible stringer assem-
bly.

5. The system of any of claims 1 to 4, wherein the flex-
ible stringer assembly comprises:

a flexible caul;
a support mandrel;
a stabilization mesh;
a flexible caul cover; and
a vacuum bag.

6. The system of claim 5, wherein the stabilization
mesh is configured to imprint a mesh pattern uni-
formly over outer surfaces of the uncured composite
stringer when a vacuum and heat is applied to the
flexible stringer assembly.

7. The system of claim 5 or 6, wherein the flexible caul
cover is configured to re-shape according to changes
in size or shape of the uncured composite stringer.

8. The system of any of claims 5 to 7, wherein the flex-
ible caul cover is configured to deform in conjunction
with the stabilization mesh.

9. The system of any of claims 5 to 8, wherein the flex-
ible caul cover comprises a plurality of slits config-
ured to accommodate changes to the shape of the
uncured composite stringer.

10. The system of any of claims 5 to 9, wherein the vac-
uum bag is configured to apply a compaction force
to the flexible stringer assembly to stabilize the un-
cured composite stringer and to help ensure that the
flexible caul cover deforms in conjunction with the

stabilization mesh as the flexible stringer assembly
slides along the contoured mandrel.

11. A method for making a highly contoured composite
structure, comprising:

creating a flat charge;
forming an uncured composite stringer from the
flat charge;
placing the uncured composite stringer into a
flexible stringer assembly;
applying a vacuum to the flexible stringer as-
sembly;
placing the flexible stringer assembly into a feed-
ing chute;
heating the flexible stringer assembly;
sliding the heated flexible stringer assembly
along a contoured mandrel;
securing the heated flexible stringer assembly
to the contoured mandrel;
cooling the flexible stringer assembly to set the
uncured composite stringer;
removing the set uncured composite stringer;
and
curing the set uncured composite stringer.

12. The method of claim 11, wherein placing the uncured
composite stringer into the flexible stringer assembly
comprises:

placing a stabilization mesh on the uncured
composite stringer;
placing a support mandrel on the uncured com-
posite stringer;
placing a flexible caul cover on the uncured com-
posite stringer;
placing the uncured composite stringer on a flex-
ible caul; and
placing a vacuum bag over the uncured com-
posite stringer.

13. The method of claim 12, wherein applying a vacuum
to the flexible stringer assembly comprises subject-
ing the vacuum bag to a vacuum such that the vac-
uum bag applies a compaction force to the flexible
stringer assembly to stabilize the uncured composite
stringer and to help ensure than the flexible caul cov-
er deforms in conjunction with the stabilization mesh
as the flexible stringer assembly slides along the
contoured mandrel.

14. The method of any of claims 11 to 13, wherein sliding
the heated flexible stringer assembly along the con-
toured mandrel comprises moving the heated flexi-
ble stringer assembly along the contoured mandrel
at a rate between about 1/10 inch per minute and 6
inches per minute.
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15. The method of any of claims 11 to 14, wherein cool-
ing the flexible stringer assembly to set the uncured
composite stringer comprises allowing the flexible
stringer assembly to cool down to room temperature
to set the uncured composite stringer into a con-
toured shape corresponding to the contoured man-
drel.
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